A method of calculating Feynman diagrams from their small momentum expansion [1] is extended to diagrams with zero mass thresholds. We start from the asymptotic expansion in large masses [2] (applied to the case when all M 2 i are large compared to all momenta squared). Using dimensional regularization, a finite result is obtained in terms of powers of logarithms (describing the zero-threshold singularity) times power series in the momentum squared. Surprisingly, these latter ones represent functions, which not only have the expected physical "second threshold" but have a branchcut singularity as well below threshold at a mirror position. These can be understood as pseudothresholds corresponding to solutions of the Landau equations. In the spacelike region the imaginary parts from the various contributions cancel. For the two-loop examples with one mass M , in the timelike region for q 2 ≈ M 2 we obtain approximations of high precision. This will be of relevance in particular for the calculation of the decay Z → bb in the m b = 0 approximation.
Introduction
Once it has been observed [1] that the calculation of Feynman diagrams on their cut can be performed with high precision from their Taylor expansion coefficients, there are several advantages of this method, which make it really quite attractive: firstly, the Taylor coefficients being known, the remaining calculation of the diagram in the whole complex plane is a relatively easy task. Secondly, more important, the precision with which the coefficients can be calculated (from vacuum diagrams) is practically unlimited (e.g. 50 to 100 decimals with the multiple precision program of [3] is "standard"). This last property is of particular relevance in higher loop orders when many diagrams (of the order of 1000) contribute, namely the high precision of the Taylor coefficients suggests that in such a case the scalar amplitudes [1] , in the 2-loop 3-point case, in which we are mainly interested here, there occur in general 10 numerator scalar products of 4 momenta, but only 9 (internal or external) lines against which to cancel these. This causes serious problems in the evaluation of two-loop vertex Feynman diagrams which are not present if only bubble integrals are to be evaluated like in the Taylor expansion. For these reasons it appears worthwhile to develop and extend the method of Taylor expansion further to make it applicable to the various kinematical situations in the Standard Model.
The purpose of the present paper is to demonstrate an extension of the previous method [1], which can be applied for vertex diagrams with massless thresholds. In such a case the Taylor expansion of the Feynman diagrams does not exist because of logarithmic singularities at zero momenta squared. The method which we propose for this type of diagrams is a combination of using standard explicit formulae for asymptotic expansions in large masses [2] (see [4] for a short review) and the summation procedure of [1] . Thus, in the large mass limit (M 2 | q 2 |) we get power series in q 2 /M 2 factorizing powers of ln(-q 2 /M 2 ). These power series can be summed by means of Padé approximants such that the validity of this expansion is extended to large q 2 /M 2 , in the spacelike region as well as in the timelike region (due to conformal mapping). Note that the general formulae for asymptotic expansions in momenta and masses [2] have been successfully applied in a number of papers [5, 6, 7] . In particular, two-loop self-energy diagrams with general masses were calculated in [6] in the region of small and large momentum, and in [7] in the case of massless thresholds and thresholds with small masses.
Our paper is organized as follows: in Sect. 2 an introductory example of a two-loop self-energy diagram is given for which the factorization of the ln(-q 2 /M 2 ) is explicitly known. In Sect. 3 we show cases of interest for the decay Z → bb and select typical examples for the demonstration of our method. Section 4 recalls the general method and demonstrates the calculation of the "naive" part. In Sects. 5 and 6 the above examples are worked out explicitly and Sect. 7 contains our conclusions. 
An example of a two-loop self-energy diagram with zero threshold
Before turning to complicated vertex diagrams we demonstrate how the summation by Padé approximants works in a simpler case of the self-energy integral I 3 (see Fig. 1 ) with zero threshold [10] , where an explicit result written in the form of the large mass expansion is known:
Summing the series for f 0 and f 1 in the "standard" manner [1], the results of Table 1 . are obtained. They demonstrate that high precision numerical values can be obtained for a large range of q 2 values in this way.
Two-loop vertex diagrams with zero thresholds
Concerning the vertex diagrams, there are many different topologies contributing to a 3-point function in the Standard Model. For our purpose of demonstrating the method, we confine ourselves to the "planar" case with the topology shown in Fig. 2 (q = p 1 − p 2 ), (see below) and expanding these in terms of ε, the poles in ε as well as the dependence on the scale parameter μ drop out. In the final result there remain terms factorizing ln(−q 2 /M 2 ) and ln 2 (−q 2 /M 2 ) from the latter expansion after cancellation of the corresponding powers of ε.
